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PRAIRIE VIEW A&M UNIVERSITY
COLLEGE OF ENGINEERING
DEPARTMENT OF CHEMICAL ENGINEERING
NASA/USRA - ADVANCED DESIGN PROGRAM
PHASE II - TASK 1B

CONCEPTUAL DESIGN OF AN INTEGRATED WATER TREATMENT SYSTEM
TO SUPPORT A SPACE COLONY

SUMMARY:

In Phase II - Task 1A the Prairie View A&M University
team completed the conceptual design of; a breathable air
manufacturing system, a means of drilling for underground
water, and storage of water for future use. The design
objective of the team for the 1987-88 academic year (Phase
II - Task 1B), has been the conceptual design of an
integrated system for the supply of quality water for
biological consumption, farming, residential and industrial
use. The source of water for these applications is assumed
to be artesian or subsurface.

The first step of the project was to establish the
design criteria and major assumptions. Among these, we have
included:

1. wWwater is scarce, therefore efficient water management
through maximum recovery and reuse is critical.

2. Pollution problems will be minimized by exercising
strict control on water discharge.

3. An effective hierarchial monitoring and control
system will provide for quality control, and prompt
attention to faulty equipment and leaks.

4. Since the pressure of the Martian atmosphere is only
a small fraction of the earth atmosphere, all vessels
and equipment must be sealed to prevent evaporation.

5. Three classes of water are defined: a. Water for
farming must have a maximum mineral content such
that plant life will flourish. b. Water for drinking
must be free of pathogenic organisms and have a
maximum salt content of less than 200 ppm. c¢. Water
for manufacturing must be sufficiently free of ions
such that they will not interfere with the
manufacturing process or damage the quality of the
product. d. Ion-free water will be provided for use
in boilers in order to avoid erosion or corrosion of
the materials of construction.



6. The various impurities which may be found in water
and are reduced or removed at successive stages of
treatment are:

turbidity, color, hardness, alkalinity, free
mineral acid, carbon dioxide, pH, silica;

0il, oxygen, hydrogen sulfide, ammonia, dissolved
solids, suspended solids, organic solids,
micro-organisms, and sulfate, chloride, nitrate,
flouride, iron and manganese ions.

7. It has been assumed that the potential underground
raw water supply resembles in quality from
representative sources of underground water in
Texas.

The assumed water impurities are:

meq/1 ppm

Sodium Chloride {NacCl} 7.80 456.3
Magnesium Chloride {MgCl,} 0.60 28.6
Magnesium Bi-Carbonate {ﬁg(ﬂco3>2} 0.36 43.9
Calcium Bi-Carbonate {Ca(HCO3)2} 0.57 46.2
Calcium Sulfate {CaSO4} 3.07 208.0

8. Advanced technologies, which are not widely applied
on earth, rather than traditional biological
treatment, softening, and clarification techniques
should be sought.

The second step of the effort was to generate a general
block diagram of the expected treatment system and assign
tasks to individual students. Among the treatment steps
considered are:

sedimentation, softening, sand filtration,
disinfection, ultrafiltration, reverse .
osmosis, demineralization, electrodialysis,
vapor-compression evaporation, domestic
waste treatment, and industrial waste
handling.

At this early phase of study, no specific industries were
selected, and hence no specific waste facilities were
designed. It appears appropriate at this point in time to
assume that evaporation by depressurization is a feasible
means of recovering a major portion of the industrial waste
water.



The list of processes for water purification and wastewater
treatment given above suggests that there will be a need for
on-site Chemicals manufacturing for ion-exchange
regeneration, and disinfection.

The third step of the project was to set up a basis for
the design capacity of the system. A total need of 10,000
gal/day was assumed required. It was also assumed that
30,000 raw-water intake volume is needed to produce the
desired effluent volume. The following is a summary of the
potential users and the level of treatment required:

APPLICATION EFFLUENT

Farming Municipal (domestic) wastewater
treatment effluent. All waste
produced by quarters and biologi-
cal waste is directed to the
waste water treatment facility.
Additional water needed can be
supplied by proper blending of
reverse osmosis (stage 1) unit
effluent and raw water to arrive
to the desirable salinity level.

Domestic The effluent from the reverse
(Washing/Cooking) osmosis (stage 1) is disinfected
and stored for use in the
guarters.
Drinking A part of the effluent from the

reverse osmosis (stage 2) is
disinfected and stored.

Processing The major part of the reverse
(Manufacturing) osmosis (stage 2) effluent is
directed for this application.

Steam and Special Ion-free deaerated water is
Users produced for applications that
require high purity water.

The fourth step of the project was for every individual
student to screen the technology available and select the
most suitable process{es) for his treatment phase. Detailed
assumptions and criteria were established for each individual
unit. As a result of these screening studies, the following
sequence of treatment steps are selected for the system:



Sand Filtration: The purpose is to remove suspended
solids with particle sizes of 10 microns and above.

The process selected is a sand on gravel bed constructed
on site. This has been chosen over cloth filtration and
rotary vacuum filtration. The former is excluded
because of the semi-manual nature of operation, the
latter was excluded because of the moving parts and
frequent need for maintenance. Figure 1 shows a guide
for solid removal process selection.

Ultrafiltration: The process was selected as an
additional cleaning step, for the removal of fine
suspended solids; over microfiltration, centrifugation,
and ultracentrifugation. Ultrafiltration was selected
because it has a high removal efficiency for a wide
range of particle sizes and has less moving parts. Size
range of removal is 0.01 to 10 microns.

Reverse Osmosis: The process operation is based on
increasing the pressure above the osmotic pressure of
the brine solution to force clear water molecules
across a permeable membrane. Two stages of reverse
osmosis were preferred over one stage, each has a
different membrane permeability. The first stage
effluent can be used, in part, for domestic and farming
applications. The remaining part of the first stage
effluent is directed to the second stage osmosis process
to produce extra clean water for industrial processing.
The process was selected over electrodialysis for the
lower power requirements, and over the ion exchange
process for the size and weight.

Demineralization: This is an ion exchange process, and
is being selected as a topping cleaning step to produce
an ultra ion-free water for speciality manufacturing
and steam making. The unit will be of much smaller
size due to the fact that only a small part of the
volumetric flowrate going through the second stage of
the reverse osmosis unit will be demineralized.

Domestic Wastewater Treatment: The technology available
is divided into two types based on cost only. The
diversity of processes to select from is exemplified in
Figure 2. 1Industrial wastewater facilities were not
addressed at this point due to lack of information about
the nature of contaminants produced.

A general arrangement of the designed system is shown in
Figure 3. The industrial portion is hypothetically drawn and
boxed for future analysis. The names of investigators are
also written on the corresponding unit of the system.
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Ssit Flux xlOt.
Membrane | Rejec-| 3, 1,4 Test [ 5;
Number tion .o Conditions O w &
V| igta) =1 H2 0 P9
(%) Hoala)lao
NTR-1697 | 97 | 0.7(17)(0-5% NaCl & 2lala
solution . E l 8 l'g
NTR-1595 | 95 | 0.8(20)|42Kg/cm 5 |38
. (690 psig) 2| &l
NTR-1690 | 90 | 1.2(30)| 25 C(O7°F) a o
TR1870 | 70 | 0.8(20) N
nre : | 2 0.5% NaCl
NTR-1650 50 | 1.3(32)|svlution R
20Kg/em
A-1630 Jo 1.5¢37) | (245 psig)
NT ( 1sgcn7-|-)
NTR.1610 10 | 2.5¢62) m
* nominal \ '_'_.

¢ callons per square foot per day

Typical rejection of organics by

Typical rejections of

NTR-1597 membrane inarganic ions by
NTR-1597 membrane
Specles Ref. (%)
Sucrose 100 IONS Ael. (%)
Lactose 100 Na' 98 ~ 917
Glucots 99.9 K* 94 ~ 917
Protein 100 c."’ 96 ~ 99
Water-soluble starch 100 Mg?? 96 ~ 99
Dyss 100 Cu," 96 ~ 99
Bacterla and Virus 100 Nl’: 97 ~ 99
Nonlonic surfactant 95~99 Sﬂ“ 98 ~ 99
Anlonic surfactant 90~95 C"” 98 ~ 99
Phenal negativee Al o 99
Acetlc acld .e F'_ 99
Lactic acid ve C'_ 95 ~ 97
Alcohol 0~B80ees F 95 ~ 97
a0o 85~99 NOjy 93 ~ 96
co0D 85~99 CN 90 ~ 95
5077 99
*Permeate Is actually enriched 7=
due to preferentiul passago PO, 99
through the membrane.
**Dependent on pH
**eDependent on the form of
slcohol

NASA / USRA
INTEGRATED WATER SYSTEM FOR A

SPACE COLONY PHASE II- TASK
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CRIGINAL PAGE IS
OF POOR QUALITY

WASTEWATER CONSTITUENTS

Characteristle

Sources

Physicnl propertics:

Color
Odor

Sulids

Temperature

Chemienl constitnents:

O gl
Curhiohydrntes

Fats, oils, und grense

Pestlcides
I"henals
PProteing
Surfuctams
Oilsers

Inorgunic:
Alkalinity

Clhiotides

Henvy mctuls
Nitsogen

pll
IPhosphorus

Sullur

Tosle compounds
Untes:

Iiydragen sullide

Mcihane

Oxygen

Dolopient constituenis:

Anlmals

Plams

Proliste
Viruses

Doumestie and industrial wastes,
nutural decay of organic mnierinls

Dccomposing wastewater, industrial
wnaics

Damcestic water supply, domestle and
Industelal wastes, soil erosion,
inllow-inliltration

Domestic and industriol wasies’

Domestle, commercind, nvl lndusielnd
wasles '

Domestic. conmmeecinl, and industrial
wusies

Apricultuen] wosies

bdustrind wastes

1Yomestic and comimercinl wastes

Domestic und tndusteial wasies

Nuntueni decny of orgunic mnterindy

Domestic wastes. domestic water
supply. grovndwiner infiltration

Domvestic water supply. domestic
wasies, prouidwaler intilieation,
waler solicners

Indusirial wasics

Domnestic nnd sgriculiural wasies

todustrinl wastes

Domestic and industrind wnstes, nutueal
1unoll

Dumestic water supply, duomestic snd
indusirial wastes

lodustrind wasles

Decompositlon of domestie wastes

Decomposition of domestic wastes

Domestic water supply. surface-waler
infiltention

Open watercoutses and treatiment
Hants

Upen watercourses and treatment
plants

Domicstic wastes, treatiment plants

Domestic wastes

NASA/ USRA

INTEGRAT

D WATER SYSTEM FOR A
11-TASK
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PRAIRIE VIEW A&M UNIVERSITY

COMPUTATION SHEET

CHEMICAL ENGINEERING

Listed by

Checked by
Cont. No

Proice IP

Clicut

NAQA?UQR A

INTEGRATED WATER SYS§EM JFOR..A..SPACE. COLONY

MARS

Location

SUMMARY OF TECHNIQUES FOR REMOVING METALS
(CONTINUE)

Precipitetion
Thioacatamice

Metel suitides

Cooling towar blow-
down

Dibr i S

Potassium Eirctraplating
Ferrocyanide solutions
Dialky!dithio- Process streams
carbsmates

Onasiste or sullste

Polyelecirolytes

Aluminum sullsies

Lime

Carbonstes

Hycdronidng

Madionctive rinse
watne

Process solvents

Industrial &
municipal water
Tovelusteind &
mynicipnl watar

Industrinl &
municipasl woter

n, Industrinl &
emennie i) wanine

h, Seawater

. Srawater

. Peocess solutions

e, Municipal &
inlusirinl water

an

et

HCY
Acetone

Acitivated carhon

Folynslacturonic &
alginic acids

CaO or NaOH

Caltun,

1o,
Ma{OH),

Ma(OH), + CalOH)
NaQH

s {varies)

156.200 pyren

ppb

70 ppm

A0 ppb

ma/l

0.20 m/

0.26 am/l

0.2 mg/

108 of nmA

24 jn/)

60 ua/t

9/t

100y of maf

nmn
o

22

8.0

4.2

4045

88-7.0

a0

9.5

0.6

Col Cu '
Cr b 2n,
Mo

Ct M0 Se,
Cu,NiCo

Cu,2n Co,
M Py Cr

" S Cd,
Zn.l e Ni,
Co

2Zn,Cu Fe

S

Ciw,Ced, Zn,
Ni, Cr

PH.Cu.Cr,
Col,Zn,Ni

Mit & nthery

Mn & othary

'Hh Ca G,
Ne o M,
n

Mu

Cn

Sn 1y

Mn & othery



COMPUTATION SHEET

PRAIRIE VIEW A&M UNIVERSITY
CHEMICAL ENGINEERING

Lis

--------H

ted by

ecked by. ... ssscesearten
nt. No

Projcet s

Client

INTE
HA

ORIGINAL PA
GE Is
OF: POOR QuaLITY

Location

SUMMARY OF TECHNIQUES FOR REMOVING METALS

Moethod

Extrection

Foam separstion

Autoclaving

Adsorption on
sluming

Anration

Manganese
ze0lite bed

Ultrevialiat
radiation &
magnetic Haid

Psper chromato-
graphic separation

Rotating etectrodes

Biologicat

ton Exchange
Chelex-100

Chitosan

Amberlite

Titantum
ersenate

Permutit-S1008

DeAcidite FF
+ dibromo-oxine

Z2eo-Kerb 225

Inwen

Saurce

Water

Sovcdustrial proeessy

Biotogical semples

Rndioactive rinse
waler

Municipnl &
Iesetinntrint watne
supplies
Municipal &
Industrisl weter

Sravnter, finshiwatne,

indusitinl srrenms

Process streams,
seawater

8. Acid mine
waterre

1 Muniigmt &
Inedestiinl warny
streams

Sea & fresh water,
process walers

Salt woter

Process liquid

Scawater

Seawater, cooling
tower blowdown
Process streams,
taln water

Water, jnacrey
sreams

Naagants

Ay
ehinees ehiitiiese mitan.
ke, mnthyl ito
buyl ketane,
chloraform

e pyreoli.

N, soefnetong

Steam

KMui),  netivated
earhon

KMnO, , anthracite

Mixture of chiaro-
form, methanol,

acriones, fsopratanot

& toroue newd,
TNOA 1)

Yencs, sultur,
(TGO
Mo tenin

HCY

EDTA

Elyant

NH, NGO, HINO,

Efuant

HCl or H,S50,

H,50,

f losent

Conramteation

Beveral e

nnGan a
fower

ppb

Upte 1 x
10 ? mntes/t

0.2 nmil

0.2 ma/l

ppb

103 of ma/l

Varies

ppbivaries)

Varies

Varirg

ppb

ppb 200 ppm

ppb

FO0Y pygaen

nil Ranga
Aanhn

556

8.0

3.5

5-6

76
5.01Mn Ci)
$ 0tV
9.0 (Mn)

Viies

Est. No...

Sheet

of

Date

lone

Co 'y N,

PATRMI KHIN
Mn, Mo,V

N3 G Co,
Sr
Ti.Cr.Cu,
Pb.Mn Sn
Sr

Muln

Mn.Fe

Al

Cu,Mb,Cd,
01,Hq.Mn,
Co,Ni,Cu,
nrla

Al

Cu

1o Mn

Cu.Pb.Cr,
Ni,7n Co,
Cdd Mo

Mn, Ti,Cr,
v

Cd.Con,Cu
MV, 7n,
Ni

£ Cu Ci,
Se.Zn Mn,
Ni.Co

Cdi.Co Cu,
Py NLZN
W]

Co,Zn Cr

St

F1,% Mo
Ce G,
7n
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Example of a typical processing plant with alarms
controlled by the SCADA.

NASA / USRA
INTEGRATED WATER SYSTEM FOR A
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